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SOME SIDE-EFFECTS AND AFTER-EFFECTS OF 
EXPERIMENTAL ENDOCRINE TREATMENTS USED TO MODIFY 
THE NATURAL ESTRUAL RHYTHM 1 
L. E. Cas ida 
University of Wisconsin 
The side-effects and after-effects to be 
considered in this discussion are those whic .. h 
groW out of experimental attempts to modify 
the natural estrual rhythm, and which have a 
bearing on the subsequent fertility ofthe animal. 
They are the effects that at one-and-the-
same-time are the despair and the hope of 
workers on technological control of repro-
duction. They are the despair in that they 
detract from our immediate ability to control 
reproduction; they are the hope in that we may 
be able to learn more about the reproductive 
process in our attempts to analyze and under-
stand them. 
At least four ways have been suggested for 
altering or controlling the estrual cycle and the 
consequent breeding time in livestock. 
1) The induction of ovulation and the initia-
tion of pregnancy as the direct result of 
treatment with gonadotropic hormones. 
2) Induction of new corpora lutea in all 
animals of the herd at the same time 
by injection of gonadotropins. The estrual 
cycle in the different animals then taking 
as its time of departure the formation of 
the new corpora lutea, and all animals 
coming back into estrus at the same 
time. 
3) Inhibition of ovulation in the different 
animals of the herd, simultaneously, for 
such a minimal period of time as is 
necessary for the ovaries of all animals 
to become free of functional luteal tissue. 
Cessation of the inhibitory treatment 
then being followed by estrus in all 
animals at approximately the same time. 
4) Destruction of the corpora lutea in the 
different animals at the same time, no 
matter what the stage of their develop-
ment with the consequent return of all 
animals into estrus at the same time. 
The first of these presumes that ovulation 
and fertility can be brought about regardless 
of the stage of the estrual cycle at the time 
of treatment. 
The second of these assumes that the new 
corpora lutea take command of the cycle and 
that the old corpora lutea either regress at 
their initially appointed time or that they 
continue on and then regress at the time of the 
new corpora lutea presumably one estrual 
cycle length from the time of the induction 
of ovulation. It, of course, is hoped that the 
different animals will respond very much 
alike to this treatment so that the date at 
1 Paper No. 972 from the Division of Genetics. 
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which they come back into estrus after re-
gression of the newly formed corpora lutea 
will show much less variation than the initially 
anticipated time of estrus. 
The third suggested method implies the ap-
plication of the treatment at different stages of 
the cycle and inhibition of estrus for different 
lengths of time in the different animals. In gen-
eral, those animals in which treatment is initi-
ated early in the cycle will be held out of the 
anticipated estrus the shortest time. Those 
later in the cycle will be held out for a longer 
time; there is a stage late enough, however, 
that there is no interference with the next estrus 
and treatment will have ceased before the 
following one. It is presumed again that the 
interruptions and modifications of the normal 
physiology will leave no imbalance resulting 
in aberrations leading to lowered fertility. 
In the fourth instance, instead of the cycle 
being lengthened as in the third, it is being 
shortened by destruction of the corpora lutea. 
It is the hope that the method of destroying 
the corpora lutea will not be generally harm-
ful to the health of the individual nor lessen 
the fertility of the return estrus. 
For all of the four suggested methods of 
altering the estrual cycle and controlling the 
breeding time there are good theoretical 
reasons expecting them to work. The danger, 
however, is that unanticipated side-effects or 
after-effects, not necessarily injurious to the 
animals I health, may affect the immediate or 
the subsequent fertility of the animal. 
It was early shown in cattle (ID that ovulation 
can be induced at most any stage ofthe estrual 
cycle, and during the post-partum interval. 
It was found, however, that in many of these 
individuals insemination did not lead to preg-
nancy. In fact it did not lead to fertilization 
of the eggs except as ovulation was brought 
about during the follicular phase of the cycle 
very near to the time of expected estrus. 
Similar results were demonstrated in the 
sheep (18) and also in the rabbit (19). In gen-
eral, eggs that were ovulated during the 
follicular phase of the cycle were fertilizable 
and those during the luteal phase were not 
fertilizable. 
Further studies with the rabbit (17) indi-
cated that eggs ovulated during the luteal 
phase of the cycle could be fertilized if· the 
semen were introduced directly into the uterus 
rather than being deposited into the vagina. 
Similar attempts in the cow (.2.) and in the 
pig (26) also showed fertility for the luteal 
phase-eggs but in general the fertilization 
rate was low and in al three species the 
uterine inseInination in the luteal phase of 
the cycle quite cOInInonly led to the develop-
Inent of pyoInetra (~). The condition was ex-
plored further in the rabbit (~) and it was 
found that although fertilization could be ac-
cOInplished, eInbryo survival was particularly 
low, presuInably because of the pyoInetra that 
had been in d u c e d by inseInination. This 
was believed so b e c a use if the young 
eInbryos were reInoved froIn the oviducts 
of the luteal phase aniInals that had not 
bee n ins eIninated, the e In b r y 0 s sur-
vived. 
It was shown also in the rabbit (4) that ad-
Ininistration of progesterone to the fOllicular-
phase aniInal effected a Inarked depression 
in the fertilization rate. The explanation ofthis 
depressing effect of progesterone Inay lie in 
part in the poor transport of sperIn and 
possibly in poor capacitation of the sperIn. 
When new corpora lutea are induced in all 
aniInals of the herd at the saIne tiIne, it is 
hoped that the interval to next estrus Inay be 
Inore uniforInly related to the tiIne of the 
forInation of the new corpora lutea than to the 
tiIne of the preceding estrus. AtteInpts to 
regularize the interval to next estrus in sheep 
by the injection of gonadotropic horInones at 
different stages of the estrual cycle CD have 
given different results depending upon the 
tiIne at which the sheep were injected and 
depending upon the kind of gonadotropic prep-
aration. Initial studies were Inade by sub-
cutaneous injection with a purified follicle 
stiInulating extract to increase the nUInber of 
ovulable follicles, and following this by intra-
venous injection of an unfractionated Inixture 
of FSH and LH. Other sheep were injected 
subcutaneously with unfractionated extracts 
to grow a larger nUInber of follicles and 
followed then by an intravenous injection of 
the saIne preparation to produce ovulation. 
Subcutaneous treatInent with unfractionated 
extracts increased the intervals to the next 
estrus to an average of 25 to 31 days depending 
on whether the treatInent terIninated on the 9th 
or the 13th days of the estrual cycle. The 
variation in length of cycle was increased 
treInendously so that in no sense was there 
a regularization of the interval nor was there 
a tiIning of next estrus to a norInal cycle 
length froIn the tiIne of induced ovulation. 
When the nUInber of follicles that responded 
had been increased by giving FSH rather than 
unfractionated extract, the results differed 
depending on the stage at which the treatInent 
was given. The tiIne of the next estrus and the 
variability in the tiIne that the next estrus oc-
curred were virtually unaffected when treat-
Inent terIninated on the 9th day of the. estrual 
cycle, but estrus was delayed on the average 
and the variability was increased greatly when 
treatInent terIninated on the 13th day. 
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The delay in the next estrus and the vari-
ability in the tiIne of next estrus were probably 
traceable to the forInation of a nUInber of 
cystic follicles and luteinized cysts and these 
were Inore prevalent with the unfractionated 
extract than with the follicle stiInulating prep-
aration. With both preparations, however, there 
were instances of anestrual intervals of Inore 
than 60-70 days with one ovary still containing 
Inore than 10 functional-appearing corpora 
lutea and the other ovary only regressed 
corpora lutea. There Inay have been recurrent 
superovulation after treatInent in these cases 
or there Inay have been persistence of corpora 
lutea on a local basis for an unusual length 
of tiIne. 
There is also the work with sheep (13) where 
ovulation was induced by injection of fairly 
IniniInal aInounts of HCG or of unfractionated 
extracts of the pituitary gland. In these cases, 
the induction of new corpora lutea at different 
stages of the cycle with a IniniInUIn of follicle 
stiInulation has had no effect on the interval 
to the next estrus. The Inere induction of 
ovulation does not appear to disturb the rhythIn 
of the estrual cycle but if superovulation is 
induced as in the earlier studies, there Inaybe 
a sequence of events which leads to the for-
Ination of accessory corpora lutea, follicular 
cysts, and luteinized follicular cysts all of 
which tend to delay the next estrus for a 
variable length of tiIne. This has been shown 
particularly in trials with swine (21) in which 
ovulation was induced at different stages ofthe 
cycle with HCG. The new ovulations were 
Inarked for identification while the corpora 
were young, but when the aniInals were slaugh-
tered at the 25th day there were several 
instances in which additional corpora lutea 
had been forIned afte r the tiIne that the new 
corpora had been Inarked. SOInetiInes there 
had been regression of the old corpora and 
sOInetiInes not. A reaction was set up which 
led to the forInation of additional corpora 
lutea with the original Inaintenance InechanisIns 
being disrupted Inarkedly. 
The initial study on the inhibition of ovulation 
in farIn aniInals by adIninistration of proges-
terone (9) deInonstrated Inany aspects of our 
present knowledge of the effects of this treat-
Inent. Sub-optiInal dosage showed a tendency 
to perInit ovulation during the course of 
treatInent. There was also a greater incidence 
of cystic follicles at the end of treatInent than 
with a Inore optiInal dosage. The tiIne of re-
currence of estrus was earlier and in general 
the fertility level was lower when the sub-
optiInal dosage was used. Later and Inore 
cOInplete analysis of dosage effects (lQ) has 
shown that the lowest levels fail to inhibit 
estrus and ovulation. At a higher level there 
is inhibition of estrus and ovulation with the 
forInation of cystic follicles during treatInent. 
At a still higher level, there is inhibition of 
follicular developInent, estrus, and ovulation 
during treatInent with a uniforIn post-treatInent 
estrus and ovulation. At the highest levels 
there is an extreme inhibition of follicular 
development during treatment, with a marked 
delay or an absence of estrus follOwing treat-
ment. During the delay interval there is a 
strong tendency for cystic follicles to develop. 
Species differences appear to exist in the 
efficacy with which progesterone may be used 
to control the occurrence of estrus in a group 
of animals. The initial study on synchronization 
of lambing and shortening of the lambing 
interval (20) gave results that were quite clear-
cut and there was no lessening of fertility. 
Other studies (27) with sheep and to a certain 
extent with cattle, particularly when proges-
terone was injected, have borne out much of the 
original promise. In general, the degree of 
synchronization in swine and the fertility level 
have been lower than with the ruminants, 
particularly sheep. 
Evidence as to how progesterone adminis-
tration may affect fertility in swine (1) is in-
dicated by an increased percentage of eggs 
lost as measured by the discrepancy between 
number of corpora lutea and number of re-
covered ova. Also, there was a greater per-
centage of unfertilized eggs, but embryonic 
death did not appear to be increased. 
That high dosages of progesterone may have 
a latent affect on the pituitary-ovarian rela-
tionship (14) was demonstrated in the lack of 
change in pituitary gonadotropin content during 
the post-treatment period despite the fact that 
follicular development was increasing steadily 
with cyst production. This is in contrast to the 
decline in pituitary gonadotropin (11) con-
comitant with the resumption of normal ovarian 
activity in the period following a modest course 
of treatment with progesterone injections. 
,A clinical practice in treating cows showing 
absence of estrus is the manual removal of the 
corpus luteum from the ovaries by way of the 
rectum. Estrus often occurs within a few days 
after this removal. This is about the only 
technique available at the present time for 
effecting the destruction of corpora lutea in 
different animals at the same time. Removal 
of the corpora lutea in the ewe (13) at days 
5, 9, or 13 leads to return of estrus in 2 to 
3i days. Estrus recurs after 2 to 6 days in 
most normal cows when corpora are removed 
at days 7-17 of the cycle (Unpublished data, 
University of Wisconsin). A very small amount 
of data (23) exists for the pig and it suggests a 
slightly longer interval before estrus resumes. 
Another possible approach to destruction of 
the corpus luteum (28, 24, lli is to interfere 
with its formation so that it mayb~ maintained 
for a shorter than normal time. There is 
evidence that administration of progesterone 
to the sheep, pig, and cow in the early part 
of the cycle results in smaller and less well 
developed glands. There seems to be little 
data, however, whether such corpora have 
shorter than normal life. 
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The likelihood of the animal developing 
cystic ovaries following the heat after removal 
of the corpus luteum appears to be somewhat 
enhanced (Unpublished data, University of 
Wisconsin). This likelihood may be increased 
even further if two or more corpora lutea are 
removed in succession (12). A siInilar phe-
nomenon was shown also(5) in swine from 
which part of the corpora lutea were removed 
by unilateral ovariectomy; the incidence of 
cystic ovaries was increased. 
Another experimental modification of the 
normal reproductive cycle which probably 
increases the chances of cyst formation is the 
removal of pigs atbirth. Baker ~ al. (~) showed 
a rather unusual incidence of cystic ovaries 
in animals so treated as did also Self and 
Grummer (22) when litters were weaned at 
10 days of age. More recent data (21) have 
shown a higher incidence of cystic ovaries 
in sows from which the pigs were removed at 
birth than in those from which pigs were 
removed at ~ 1 days. 
Various treatments in which suppression 
of ovarian activity has been removed suddenly, 
whether it be by withdrawal of heavy doses of 
progesterone or by removal of corpora lutea 
or by parturition without the inhibitoryfollowup 
of nursing, have resulted in increased prob-
ability of ovarian disfunction. 
Finally, consideration will be given to certain 
experimental situations which seem charac-
terized by low fertilization rates. !twas shown 
in sheep .C!.ID that ovulation could be induced 
during anestrus by injecting gonadotropic hor-
mones. Estrus did not occur in these animals 
but the fertilization occurrence was virtually 
nil when artificial insemination was performed 
near the time of ovulation. 
Another illustration has been shown in beef 
cattle (15) where ovulation has been induced 
rather regularly by injections of gonadotropic 
hormone approximately two weeks after calv-
ing. The fertility of these eggs following arti-
ficial insemination also appears to be nil. A 
similar low fertilization rate of eggs from sows 
treated with gonadotropins shortly after par-
turition (21) has also been demonstrated. 
Making eggs available for fertilization without 
the occurrence of estrus has not led to appreci-
able fertility, with the exception noted earlier 
at the time of the luteal phase of the cycle 
when fertilization might be produced by insemi-
nation into the ute rus. In that instance, however, 
the best results have been obtained in the rabbit 
where the intravenous injection of the gona-
dotropincauses regressionofthe corpus luteum 
with a presumed quick decline in proges-
terone (25). 
I would like to include an afterthought 
with the last point in the prepared paper. 
The tests that have been made for increased 
embryo IY).ortality must be consideredinsensi-
ti ve relative to the importance of such pos sible 
after-effects. Little concern appears to have 
been given members of the next generation, 
other than to get them here and as many of 
them at the same time as possible by syn-
chronization. 
We might ask what weaknesses or strengths 
in the reproduction process may evolve genet-
ically as natural selection between females 
plays its role in an environment where hor-
monal synchronizers act as ecological factors; 
also with the approach to control of estrus 
which lengthens the interval of time that the 
ovum spends in the vesicular follicle, what 
defects may arise in the germ plasma through 
aging? or through prolongation of a period 
of increased sensitivity to mutagenic factors? 
I would like to emphasize these are areas 
that we need to be watching to see if there 
is any evidence of effects from the standpoint 
of selection of females that will respond to 
synchronization and whether prolonged delay 
of estrus does affect the viability and quality 
of the offspring produced. 
Now we will continue the discussion. Dr. Dziuk 
will present the material from the University 
of Illinois which they have been gathering now 
for a number of years and then, following that, 
we will open the discussion. 
Summary 
Side-effects and after-effects of treatment 
which affect fertility have occurred with all of 
the experimental approaches to control of the 
estrual cycle. Fertilization failure and for-
mation of cystic ovaries a1'e the most common 
and there is relatively less evidence for 
increased embryo mortality. 
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